(19) 



J 




(12) 



(43) Date of publication: 

01.12.1999 Bulletin 1999/48 



Europdisches Patentamt 
European Patent Office 
Office europeendes brevets (ll) EP 0 961 031 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI.^: F04B 27/18 



(21) Application number: 99109303.0 

(22) Date of filing: 27.05.1999 



(84) 


Designated Contracting States: 


(72) 


Inventors: 






AT BE CH CY DE DK ES F\ FR GB GR IE IT LI LU 


• 


Ota, MasakI 






MO NL PT SE 




Kariya-shi, Alchi-ken 448-8671 


(JP) 




Designated Extension States: 


• 


Adaniya, Taku 




AL LT LV MK RO SI 




Kariya-shi, Alchi-ken 448-8671 


(JP) 


(30) 




• 


Kurakake, Hirotaka 




Priority: 27.05.1998 JP 14596198 




Kariya-shi, Aichi-ken 448-6671 


(JP) 


(71) 


Applicant: 

Kabushiki Kaisha Toyoda Jidoshokki 


• 


Nishimura, Kenta 
Kariya-shi, Aichi-ken 448-8671 


(JP) 




Seisakusho 


(74) 


Representative: 






Alchi-ken 448-8671 (JP) 


Hoeger, Stellrecht & Partner 
Uhlandstrasse 14 c 
70182 Stuttgart (OE) 





CM 
< 

CO 



CO 



(54) Regulating valve for variable displacement swash plate compressor and its assembly 
method 



(57) A variable displacement type refrigerant com- 
pressor including a compressor housing having inter- 
nally a compressing mechanism for compressing a 
refrigerant, a displacement varying mechanism for 
adjustably varying an amount of the refrigerant com- 
pressed and discharged by the compressing mecha- 
nism, and a displacement control valve unit controlling 
the operation of the displacement varying mechanism, 
which is an assemk>ly of a pressure sensing mechanism 
formed by a flanged bellows element, a valve element, 
a valve seat having a port cooperating with the valve 
element, and a valve rod engaging the pressure sensing 
mechanism with the valve element, and are assembled 
by using a fixing screw mender and a jig tool in position 
in a pressure sensing chamber, a valve chamber, and a 
valve rod bore coaxially formed in the conpressor hous- 
ing by drilling or boring from two sides of the compres- 
sor housing. The flanged bellows element of the 
displacement control valve unit is fixed in the pressure 
sensing chamber via the flange thereof by being thread- 
edly engaged in the pressure sensing chamber. 



Fig.l 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001] The present invention relates generally to a 
variable displacement type refrigerant conpressor. 
More particularly, the present invention relates to a var- 
iable displacement refrigerant compressor accommo- 
dating therein a novel displacement control valve, which 
can be easily and accurately assembled in a compres- 
sor housing and can be an inexpensive mecfianical ele- 
ment. The present invention further relates to a method 
of assembling the novel displacement control valve in 
the compressor housing. 

2. Description of the Related Art 

[00021 US. Patent No. 4.688.997 discloses a typical 
variable displacement type refrigerant compressor 
adapted to be incorporated in a vehicle climate control 
system. The variable refrigerant compressor has a com- 
pressor housing in which a suction chamber, a dis- 
charge chamber, a crank chamber, a reciprocating 
piston mechanism to compress a refrigerant in a cylin- 
der bore, a piston actuating mechanism including a cam 
plate mounted around a drive shaft to convert the rota- 
tion of the drive shaft in the reciprocation of the piston 
mechanism, and a displacement control valve unit, are 
mounted. 

[0003] The displacement control valve unit of the 
refrigerant compressor of U.S. Pat. '997 includes a fluid 
supply passage extending from the discharge chamber 
to the crank chamber to supply a refrigerant at a high 
pressure into the crank chamber, a valve unit arranged 
in a portion of the fluid supply passage to open and 
close the portion of the fluid supply passage, a fluid 
withdrawal passage extending from the crank chamber 
to the suction chamber to maintain a constant fluid com- 
munication between both chambers, and a valve control 
mechanism to control the opening and closing operation 
of the valve unit. Namely, the valve control mechanism 
operates in such a manner that when the pressure in 
the crank chamber is reduced to below a predetermined 
reference value, it operates the valve unit to move to its 
open position where the refrigerant at a high pressure is 
supplied from the discharge chamber into the crank 
chamber. Further, when the pressure in the crank 
chamber goes MP beyond the predetermined reference 
value, the valve control mechanism operates the valve 
unit to be moved to its closed position where the supply 
of the refrigerant at a high pressure from the discharge 
chamber to the crank chamber is stopped. The valve 
unit and the valve control mechanism constitute an inte- 
gral displacement control valve unit. 
[0004] When the compressor is operated under a first 
condition in which the valve unit of the displacement 



control valve unit is moved to its closing position to stop 
the supply of the refrigerant gas at a high pressure from 
the discharge chamber to the crank chamber, the refrig- 
erant gas leaking from a compression chamber in the 
5 cylinder bore into the crank chamber, i.e., a blow-by 
refrigerant is withdrawn continuously from the aank 
chamber into the suction chamber via the fluid with- 
drawal passage. Thus, a reduction in the pressure in the 
crank chamber occurs. Subsequentiy. when a tenpera- 
10 ture in the objective area, i.e. . a temperature in a vehicle 
compartment is lowered while reducing a refrigerating 
load, a suction pressure of the compressor is reduced. 
When a reduction in the pressure in the crank chan^r 
is lowered to a level betow the predetermined reference 
IS value, the valve unit of the displacement comrol valve 
unit is moved to its opening position. Therefore, a refrig- 
erant at a high pressure is supplied from the discharge 
chamber into the crank chamber to increase a pressure 
in tfie crank diamber. When the pressure in the crank 
20 chamber is increased to go up beyond the predeter- 
mined value, the valve unit of the displacement control 
valve unit is moved to its closing position to close the 
aforementioned portion of the flukJ supply passage. 
Therefore, the pressure increase in the crank chamber 
25 is stopped, and the pr^sure in the crank chamber is 
held substantially at the predetermined value during the 
ordinary operation of the compressor. A difference 
between the pressure in the crank chamber and the 
suction pressure of the compressor relying on a change 
30 in the refrigerating load of the climate control system 
adjustably changes the reciprocating stroke of the pis- 
ton mechanism to ther^y control the displacement of 
the compressor. Althou^^ the above-mentioned dis- 
placement control valve unit is ananged so as to control 
35 the evening and closing operation of the valve unit 
tiiereof In response to detection of a change in the pres- 
sure prevailing in the crank chamber, the controlling 
operation of the displacement control valve unit may be 
carried out in a different manner. For example, the dis- 
40 placement control valve unit may be constructed to 
operate in such a manner tfiat the movement of the 
valve unit th^eof to its open and closed positions is 
controlled in response to detection of a change in the 
suction pressure of the refrigerant conpressor. Furtfier, 
45 the displacement control valve unit may include a valve 
unit thereof ananged in a portion of the fluid withdrawal 
passage in the refrigerant compressor so as to control 
wftfTdrawing of the refrigerant from the crank chamber 
into the suction chamt>er. 
so [0005] H should be noted that the above-mentioned 
displacement control valve unit is conventionally 
assembled in either a cylinder block or a rear housing of 
a variatsle displacement type refrigerant compressor. 
Figure 4 typically illustrates a conventional control valve 
55 unit 20 assembled in a rear housing 3. The control valve 
unit 20 is provided with a suction pressure chamber 21 
functioning as a pressure sensing chamber, and a dis- 
charge pressure chamber 22 arranged axially opposed 
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to the suction pressure chamber 21 and functioning as 
a valve chamber. The suction pressure chamber 21 is 
arranged so as to communicate with the suction cham- 
ber 3a of the refrigerant compressor via a passage 23 
formed in the rear housing 3. and the discharge pres- 5 
sure chamber 22 is arranged so as to communicate with 
the discharge chamber 3b of the refrigerant compressor 
via a passage 24 formed in the rear housing 3. Within 
the suction pressure chamber 21 . a bellows element 26 
is centrally arranged so as to axlally expand or contract w 
and to define therein an atmospheric chamber 25. A 
spring 27 is arranged so as to constantly urge the bel- 
lows element 26 toward its extended position, i.e., 
toward the discharge pressure chamber. 
[0006] The discharge pressure chamber 22 has a is 
valve hole 28 formed at an end thereof confronting the 
suction pressure chamber 21 so as to communicate 
with a valve port 29 which is arranged to communicate 
with the crank chamber 2a of the refrigerant compressor 
via a fluid supply passage 30. A valve rod 3 1 connected 20 
at its one end to the bellows element 26 extends toward 
the discharge pressure chamber 22 so that the other 
end thereof enters into the discharge pressure chantb^ 
22 via the valve port 29 and the valve hole 28. 
[0007] A valve element 32 is attached to the other end 2s 
of the above-mentioned valve rod 31 within the dis- 
charge pressure chamber 22 so as to oppose to the 
valve hole 28. The valve element 32 is thus able to open 
and close the valve hole 28, in response to the expand- 
ing and contracting movement of the bellows element 30 
26, and is constantly urged by the spring force of a 
spring 33 toward the dosed position thereof to close the 
valve hole 28. Therefore, when the suction pressure 
introduced into the suction pressure chamber 21 goes 
down below a predetermined set value, the bellows ele- 35 
ment 26 is expanded to move the valve rod 31 so that 
the valve element 32 is moved away from the valve hole 
28. Namely, the valve hole 28 is opened, and accord- 
ingly, the refrigerant gas at a discharge pressure (a high 
pressure) is supplied from the discharge chamber 3b 40 
into the crank chamber 2a via the valve hole 28, the 
valve port 29 and the fluid supply passage 30. 
[0008] Nevertheless, the displacement control valve 
unit 20 is constructed so that the suction pressure 
chamber 21 in which the suction pressure Ps is intro- 45 
duced via the passage 23 to be sensed by the accom- 
modated movable bellows element 26. the discharge 
pressure chamber 22 having two holes opening toward 
the fluid supply passage 30 and the discharge chamber 
3b and accommodating therein the valve element 32 to so 
open and dose the valve hole 28, and the valve rod 31 
transmitting the expanding and contracting movement 
of the bellows element 26 to the valve element 32 to 
thereby move the valve element 32. are integrally incor- 
porated in a single menrtoer forming a casing member ss 
34 of the displacement control valve unit 20 as shown in 
Figs. 3 and Figs. 5A and 5B. Namely, the casing mem- 
ber 34 must be provided as an indispensable element of 



the displacement control valve unit 20. and the bellows 
element 26 must be seated on and welded to a seat 37 
(37a or 37b) before the bellows element 26 is accom- 
modated in the suction pressure chamber 21 of the cas- 
ing member 34. Further, the casing member 34 of the 
valve control unit 20 must be provided with a plurality of 
grooves to contain therein o-rings 35 in order to fixedly 
disposed in an assemtrfing bore of the rear housing 3 
(or the cylinder block 1 ) when the control valve unit 20 is 
assemt}led In a compressor body. As a result, a leu-ge 
assembling space is needed to accommodate the con- 
trol valve unit 20 in the body of the refrig^ant compres- 
sor. In addition, the assembling of the control valve unit 
20 requires delicate assembling operation performed by 
an operator and thus, causes an increase in the manu- 
facturing cost 

[0009] Furthermore, since the bellows element 26 
functioning as the pressure sensing element is a mova- 
ble element permitted to expand and contract over a 
range of only 1 through 2 millimeters, the whole length 
of the casing member 34. the position to di^x)se the 
t^ellows element 26 within the suction pressure cham- 
ber 21. the bore depth in the casing member 34 which 
forms the suction pressure chamber 21 and the dis- 
charge pressure chanter 22 must be formed by machin- 
ing at a very high accuracy to minimize a cumulative 
error due to addition of dimensional tolerances of the 
machined portions of the casing member 34. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is therefore 
to solve the described many problems encountered by 
the conventional control valve unit assembled in the 
body of a variable displacement type refrigerant com- 
pressor. 

[0011] Another object of the present invention is to 
provide a variable displacement type refrigerant com- 
pressor incorporating a novel valve control unit assem- 
t)led in a simple assembling operation. 
[(N)12] A further object of tiie present invention is to 
provide a valve control unit capat)le of being produced 
and assemt)led in a relatively small mounting space 
formed in a body of a variable displacement type refrig- 
erant compressor at a low manufacturing cost, and with 
a high production accuracy. 

[001 3] A still further object of the present invention is 
to provide a method of assemblrig the above-men- 
tioned novel valve control unit into a body of a variable 
displacement type refrigerant compressor. 
[0014] In accordance with one aspect of the present 
invention, there is provided a variable displacement 
ref rigerartt compressor induding a compressor housing 
forming an outer framework and provided internally witfi 
a compressing mechanism for compressing a refriger- 
ant, a displacement varying mechanism for adjustably 
varying an amount of the refrigerant compressed and 
discharged by the compressing mechanism, and a dis- 
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placement control valve unit adjustably controlling the 
operation of the displacement varying mechanism due 
to detecting a change in a pressure acting thereon, 

wherein the compressor housing is provided with 
a pressure sensing chartfeer for receiving a pressure to 
be detected and a valve chamber forming a fluid pas- 
sage through which the refrigerant at a high pressure is 
permitted to flow to be used for changing a compressor 
displacement the pressure sensing and valve cham- 
bers being bored in the compressor housing, and 

wherein the displacement control valve unit com- 
prises: a pressure sensing mechanism arranged in the 
pressure sensing chamber and having a movable ele- 
ment moving in response to detection of a change in a 
pressure prevailing in the pressure sensing chamber; 
and 

a valve element arranged in the valve chamber 
and operating to open and dose a port in the fluid pas- 
sage according to the movement of the movable ele- 
ment of the pressure sensing mechanism. 
[0015] Preferably, the compressor housing is further 
provided internally with a plurality of cylinder bores, a 
suction chancer, a discharge chamber, and a crank 
chamber, and the refrigerant compressor is further pro- 
vided with a drive shaft rotatably supported by the com- 
pressor housing, a cam plate arranged in the crank 
chamber to be rotatak5le together with the drive shaft 
and permitted to vary an angle of inclination thereof with 
respect to a reference plane, and a plurality of pistons 
operatively engaged with the cam plate and reciprocat- 
ing in the plurality of cylinder bores, the cam plate being 
arranged to change the angle of inclination thereof, on 
the basis of a difference between a first pressure pre- 
vailing in the crart^ chamt>er arxJ a second pressure 
prevailing in the plurality of cylinder bores to thereby 
constitute the above-mentbned displacement varying 
mechanism. 

[0016] Further preferably, the fluid passage is pro- 
vided as a fluid stpply passage extending between the 
discharge chamber and the crank chamber to supply 
the refrigerant at a discharge pressure from the dis- 
charge chamber to the crank chamber. 
10017] The compressor housing of the variable dis- 
placement type refrigerant compressor preferably may 
have a first and second ends opposite to one another 45 
along a predetermined axis, and the pressure sensing 
chamber is formed by a first bore bored from the fiist 
end while valve chamber is formed by a second bore 
bored from the second end. Further, a third bore is 
formed between the first and second bores so as to per- so 
mit a valve rod to be movably inserted therein so that 
the valve rod transmits the movement of the pressure 
sensing mechanism to the valve element. 
[0018] Preferably, the valve chamber formed in the 
compressor housing is provided with a valve seat 55 
formed as a separate element from the compressor 
housing and fixedly disposed in the valve chamber to 
cooperate with the valve element. 



[0019] The pressure sensing mechanism preferably 
includes a bellows element having a flange portion 
formed at one end thereof and fixedly sandwiched 
between a shoulder portion formed in the compressor 
5 housing and a fixing means cooperating with the shoul- 
der portion. The other end of the bellows element oppo- 
site to the above-mentioned end tiaving the flange 
portion preferably has a reduced diam^er projection 
functioning as a guide portion, and the guide portion is 
10 fitted in a guide recess formed in the pressure sensing 
chamber so that the t>ellows element stably expands 
and contracts under the guidance of the guide portion of 
the bellows element in the guide recess. 
[0020] In accordance with another aspect of the 
15 present invention, there is provided a method of assem- 
bling a displacement control valve unit in a variable dis- 
placement type refrigerant compressor including a 
compressor housing having int^nally a compressing 
mectianism for conpressing a refrigerant, and a dis- 
20 placement varying mechanism for adjustably varying an 
amount of the refrigerant compressed and cfischarged 
by the compressing mechanism, wherein ttie 

method compnses the steps of: 

boring, in the compressor housing, a pressure 
sensing chamber to receive a pressure to be 
detected, a valve chamber provided to form a fluid 
passage through which the refrigerant at a high 
pressure is permitted to flow to k>e used for chang- 
ing a compressor displacement, and a valve rod 
lx>re extending between the pressure sensing 
chamber and the valve chamber; 
inserting a valve unit in the valve chamber at a posi- 
tion operable to open and cfose a port in the fluid 
passage; 

inserting a pressure sensing mechanism in the 
pressure sensing chamber at a predetermined 
position where a movable element of the pressure 
sensing mechanism moving in response to detec- 
tion of a change in a pressure prevailing in the pres- 
sure sensing chamber is operatively connected to 
the valve unit; and 

positioning the pressure sensing mechanism at the 
predetermined position in the pressure sensing 
chamber. 

[0021] Preferably, the valve unit of the displacement 
control valve unit includes a valve element movable to 
open and dose a valve port formed in said fluid pas- 
sage, a vah/e seat having an opening thereof acting as 
the valve port in the fluid passage and cooperating with 
the valve element to open and dose the valve port, and 
a valve rod arranged in the valve rod bote to engage the 
pressure sensing mechanism with the valve element, 
and 

the step of inserting the valve unit comprises: 
preparing a jig tool provided therein with a recess 
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formed to have a depth corresponding to a prede- 
termined movement stroke of the movable element 
of the pressure sensing mechanism; 
positioning the jig tool in the pressure sensing 
chamber so that the recess of the jig tool Is in align- 
ment with and in contact with one end of the valve 
rod t>ore, 

inserting the valve seat into the valve chamber at a 
position adjacent to a fixed position where the valve 
seat is press-fitted; 

Inserting the valve rod through the opening of the 
valve seat into the valve rod bore from the other end 
of said valve rod bore until one end of said valve rod 
is positioned adjacent to an end face of the recess 
of the Jig tool 

placing the valve element in the valve chamber to 
be kept in contact with the valve seat; and 
pressing the valve seat and the valve rod, via the 
valve element, into the valve chamber until the 
valve rod comes in tight contact with the end face of 
the jig too! to thereby press-fit the valve seat at the 
fixed position in the valve chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above and other objects, features, and 
advantages of the present invention will be made more 
apparent from the ensuing description of the preferred 
embodiments, with reference to the accompanying 
drawings wherein: 

Fig. 1, is a aoss-sectional view of a displacement 
control valve unit assembled in a compressor hous- 
ing, according to an embodiment of the present 
invention: 

Fig. 2 is a schematic view for explaining of a 
method of assembling the displacement control 
valve unit into the compressor housing accoiding to 
the present invention; 

Fig. 3 is a cross-sectional view of a conventional 
control valve unit incorporated in a variat)le dis- 
placement type refrigerant compressor; 
Fig. 4 is a longitudinal cross-sectional view of a var- 
iable displacement type refrigerant compressor in 
which the conventional control valve unit is assem- 
bled; 

Fig. 5 A is a cross-sectional view of a portion of the 
conventional control valve unit, illustrating the pres- 
sure sensing bellows element welded to a seat 
member: and 

Fig. 5B is a cross-sectional view of a portion of the 
conventional control valve unit, illustrating the pres- 
sure sensing bellows element welded to a seat 
member different from that of Fig. 5A. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0023] Before starting the description of the preferred 

5 embodiment of the present invention, it should be 
understood that a portion of the variable displacement 
type refrigerant compressor, shown on the left of the line 
A-A of Fig. 4, illustrates a constructional portion com- 
mon to a variable displacement type refrigerant com- 

10 pressor in which a displacement confrol valve unit 
according to the present Invention is assemt>led and the 
compressor incorporates therein the conventional con- 
ti-ol valve unit 20. Therefore, the description of the com- 
pressor in which a displacement control valve unit 70 

IS according to the present invention is assemtrfed is pro- 
vided hereinbelow with reference to Fig. 4. 
[0024] In Fig. 4, the variable displacement type refrig- 
erant compressor is provided with a cylinder block 1 , 
which forms a part of an outer framework of the com- 

20 pressor. The compressor is further provided with a front 
housing 2 which is attached to a frontmost end of the 
cylinder block 1 to define a crank chamber 2a. and a 
rear housing 3 attached to a rear most end of the cylin- 
der block 1 to define a suction chamber 3a and a dis- 

25 charge chamber 3b therein. A drive shaft 4 is rotatably 
supported by tiie front housing 2 and tiie cylinder block 
1 and axially extends through the crank chamber 2a. 
The cylinder block 1. the front housing 2. and the rear 
housing 3 constitute a compressor housing capable of 

30 functioning as an outer framework of the compressor. 
The compressor housing is made of an aluminum alloy 
from the viewpoint of light weight and easy machinabil- 
ity. 

[0025] Within the crank chamber 2a, a rotary support 

35 element 5 is fixedly mounted on ttie drive shaft 4 to have 
a rearwardly extending support arm 6. The support arm 
6 of the rotary support element 5 is provided with an 
extended aperture 6a in which a pin 7 connected to a 
rotary drive plate 8 is slidabiy fitted. The rotary drive 

40 plate 8 can function as a rotary cam plate or a rotary 
swash plate ananged inclinably around the drive shaft 
4. The rotary cam plate 8 and a hinge mecfianism 
formed by the support arm 6 of the rotary support ele- 
ment 5 and the pin 7 connected to the cam plate 8 con- 

45 stitute a displacement varying mechanism for varying a 
discharge amount of the compressor. 
[0026] A sleeve element 9 is slidabiy fitted on the drive 
shaft 4 at a position acQacent to a rear end of the rotary 
support element 5 and is constantly urged toward the 

50 rotary support element 5 by a coil spring 1 0. The sleeve 
element 9 is provided with a pair of laterally projecting 
pivots 9a (only one is shown in Fig. 4) which are 
engaged in a pair of holes (not shown) formed in the 
rotary cam plate 8. Thus, the rotary cam plate 8 is sup- 

55 ported by tiie sleeve element 9 and is able to turn about 
the pivots 9a, 9a. 

[0027] The rotary cam plate 8 has a rear face and a 
rear boss portion on which a wobble plate 1 1 is non- 
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rotatably mounted. A thrust bearing is interposed 
between the rear face of the rotary cam plate 8 and the 
wobble plate 11. The wobble plate 11 has an outer 
periphery in which a guide recess lla is formed to be 
engaged with an axial through-bolt 16 inserted from a 5 
front side of the front housing 2 and fixed to the cylinder 
trfock 1. Thus, the wobble plate 11 is prevented from 
rotating together with the rotary cam plate 8, and is per- 
mitted to turn about the above-mentioned pivots 9a, 9a 
together with the cam plate 8. ' 
[0028] The wobble plate 1 1 is engaged with a plurality 
of pistons 13 via respective connecting rods 14 having 
spherical ends 14a and 14b. respectively. The pistons 
13 are slidaWy fitted in the plurality of axial cylinder 
bores 12 formed in the cylinder block 1. Therefore, is 
when the drive shaft 4 is rotated by an external drive 
power, the rotation of the drive shaft 4 is converted into 
a wobbling motion of the wobt>le plate 1 1 via the rotary 
cam plate 8. and the wobbling motion of the wobble 
plate 1 1 causes a reciprocating motion of the respective 20 
pistons 13 in the corresponding cylinder bores 12. 
When the plurality of pistons 13 reciprocate within the 
cylinder bores 12. a refrigerant gas is sucked from the 
suction chamber 3a into the cylinder bores 12 to be 
compressed by the respective pistons 13 within the 25 
compression chambers in the respective cylinder bores 
12 and is discharged from the cylinder bores 12 into the 
discharge chamtjer 3b. During the refrigerant com- 
pressing operation of the compressor, the reciprocating 
stroke of the respective pistons 13 within the cylinder 30 
bores 12 and an angle of inclination of the cam and 
wobble plates 8 and 1 1 are adjustatrfy changed by a 
change in a differential between a first pressure prevail- 
ing in the crank chamber 2a and a second pressure act- 
ing on the working heads of the respective pistons 13. 3s 
Thus, the amount of discharge of the compressed 
refrigerant, i.e.. the displacement of the compressor is 
adjustably changed. The pressure prevailing in the 
crank chamber 2a is controlled by a displacement con- 
trol valve unit 70. which will be described with reference 40 
to Figs. 1 and 2. 

[0029] Further, it shotrid be understood that the crank 
chamber 2a constantly communicates with the suction 
chamber 3a via a fluid withdrawal passage (not shown 

in Fig. 4). ^ 

[0030] Refenring to Fig. 1. the displacement control 
valve unit 70 is assembled in a mounting area 40 appro- 
priately defined in either the cylinder block 1 or the rear 
housing 3. The mounting area 40 is formed to have a 
first side 40a and a second side 40b, which are prefera- so 
biy arranged to be axially opposrte to one another. The 
displacement control valve unit 70 is provided with a 
suction pressure chamber 61 formed as an axial bore 
drilled from the first side 40a. and the suction pressure 
chamber 61 can function as a pressure sensing cham- ss 
ber. The displacement control valve unit 70 is also pro- 
vided with a discharge pressure chamber 62 which can 
function as a valve chamber and is fonned as a bore 



coaxial with and axially opposed to the suction pressure 
chamber 61. The coaxial suction and discharge pres- 
sure sensing chambers 61 and 62 are connected by an 
axial bore which is also coaxial with the above-men- 
tioned two chambers 61 and 62 and functions as a valve 
rod bore 41 in which a valve rod 71 is slidably fitted. 
[0031] The suction pressure chamber 61 of the dis- 
placement control valve unit 70 includes a large diame- 
ter bore 42 having screw threads formed at an upper 
portion thereof so as to permit a fixing screw 46 is 
threadedly engaged. The suction chamber 61 is also 
provided with a coaxial middle dameter bore formed as 
a bellows-receiving chamber 43 for receiving a bellows 
element 66 which functions as a pressure-sensing ele- 
ment. The bellows receiving chamber 43 is coritinuous 
with the upper large diameter bore 42 and is formed to 
fluidly communfoate with the suction chamber 3a via a 
fluid passage 63. Thus, a suction pressure Ps prevails 
in the b^lows-receiving chamber 43. when the valve 
unit 70 is completely assembled, so as to ft>e sensed by 
the bellows element 66. The suctfon pressure sensing 
chamber 61 is further provided with a reduced diameter 
bore functioning as a gukJe bore 45 in which a cylindri- 
cal guide projection 44 formed in a closed end of the 
bellows element 66 is received and guided during the 
expanding and contracting movement of the bellows 
element 66. 

[0032] The fixing screw 46 is provided with a rear end 
portion having screw threads formed at an outer circum- 
ference thereof, and accordingly, the fixing screw 46 can 
be threadedly engaged in the screw threads of the large 
diameter bore 42 of the suction pressure sensing cham- 
l>er 61. The fixing screw 46 is provided wrtth a central 
bore 48 having a partly threaded portion with which a 
later-described adjusting screw 47 is engaged. The fix- 
ing screw 46 is further provided with a tubular spring 
holder portion 50 which extends coaxially with the cen- 
tral bore 48 and holds therein a coil spring 49. 
[0033] The bellows element 66 is provided with the 
afore-mentioned cylindrical guide projection 44 at one 
closed end thereof and a flange portion 51 formed at the 
periphery of the opposite open end thereof. When the 
bellows element 66 is inserted in the bellows receiving 
chamber 43. the guide projection 44 is received in the 
guide bore 45. The flange portion 51 of the bellows ele- 
ment 66 is formed to be loosely fitted in the upper large 
diameter bore 42 and is seated on a shoulder portion 52 
formed between the upper large diameter bore 42 and 
the bellows receiving chamber 43 via an appropriate 
gasket member 53. Thus, when the fixing screw 46 is 
threadedly engaged in the ipper large diameter bore 
42, the flange portion 51 is fixed to the shoulder portion 
52. 

[0034] When the fixing screw 46 is engaged in the 
upper large diameter bore 42. the tubular spring hoWer 
portion 50 is inserted in the interior of the bellows ele- 
ment 66, and a coil spring 49 is held in the tubular 
spring hofoer portion 50 of the fixing screw 46. An upper 
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end of the coil spring 49 is engaged with a washer mem- Inserted through the bore of the valve seat 76 and the 
ber 55 which is engaged with the adjusting screw 46 via valve rod bore 41 until the other end of the valve rod 71 
a ball member 54. A lower end of the coil spring 49 is comes close to the bottom end face of the recess 60a of 
pressed against an inner face of the guide projection 44 the jig tool 60. At this time, the valve element 72 is held 
of the bellows element 66 so that a spring force is 5 to be in contact with an end of the valve seat 76. 
applied to the bellows element 66 in a direction in which [0038] Then, the valve element 72 is tapped by an 
the bellows element 66 expands. appropriate rod-like tool 80 in a direction shown by an 
[0035] The discharge pressure chamber 62 formed by arrow "A" until the other end of the valve rod 71 comes 
boring from the second side 40b of the mounting area into contact with the bottom end face of the recess 60a 
40 is provided with an aperture opening toward a fluid 10 of the jig tool 60. When the valve rod 71 comes into con- 
passage 64 which extends toward the discharge cham- tact with the jig tool 60. the valve seat 76 is assembled 
ber 3b of the rear housing 3. Thus, the discharge pres- and fixed in position in the valve seat chamber 57 of the 
sure chamber 62 fluidly communicates with the discharge pressure chamber 62 via the valve element 
discharge chamber 3b. The discharge pressure cham- 72. Namely, the valve element 72 and the valve seat 76 
ber 62 includes a valve operating chamber 56 in which is are set in position ready for accurately opening and 
a discharge pressure Pd is introduced from the dis- closing a valve port in the end of the valve seat 76. in 
charge chamber 3b and an innermost valve seat cham- response to a control movement of the pressure sens- 
ber 57 in which a valve seat 76 is inserted and fixed. ing means including the bellows element 66. Rnally, the 
The valve seat chamber 57 has a port opening toward a urging spring 59 and the ball-like lid 58 are assembled 
fluid passage 65 communicating with the crank cham- 20 in the valve operating chamber 56 to press the valve 
ber 2a. Thus, a crank pressure Pc is introduced from the element 72 against the valve seat 76 on the basis of a 
crank chamber 2a into the valve seat chamber 57. A predetermined spring force of the urging spring 59. 
valve element 72 is held in the valve operating chamber [0039] Further, the jig tool 60 is removed from the 
56 of the discharge pressure chamber 62 and is con- upper large diameter bore 42 of the pressure sensing 
stantly urged toward the valve seat 76 by a spring 59 25 chamber 61 . in oider to assemble the pressure-sensing 
having one end engaged with the valve element 72 and mechanism including the bellows element 66. the coil 
the other end engaged with a ball-like lid member 58. spring 49. the fixing screw 46. and the adjusting screw 
Thus, the valve element 72 and the valve seat 76 consti- 47 in the pressure sensing chamber 61 . 
tute a valve mechanism 77 which controls fluid oommu- [0040] The operation of the above-described displace- 
nication between the discharge chamber 3b and the 30 merit control valve unit 70 of the present embodiment 
crank chamber 2a via a fluid supply passage formed by will be descra^ed hereinbelow with reference to Rgs. 1 
the fluid passage 64. the valve operating chamber 56, and 4. 

the valve seat chamber 57 and the fluid passage 65. [0041] In the present embodiment, the displacement 
Accordingly, the valve mechanism 77 controls a supply control valve unit 70 is an^anged so as to perform a con- 
of the refrigerant at a high discharge pressure from the 3s trolling operation on the basis of detecting the suction 
discharge chamber 3b to the crank chamber 2a. pressure Ps of the compressor. Namely, the valve unit 
[0036] The valve seat 76 is a tubular member made of 70 controls the crank pressure Pc in the crank chamber 
a brass material and having an inner bore permitting a 2a in response to detection of a change in the suction 
valve rod 71 to extend therethrough. The valve seat 76 pressure Ps. More specifically, when the refrigerating 
is inserted in the valve operating chamber 56 of the dis- 40 load applied from an external refrigerating system to the 
charge pressure chamber 62 and is press-fitted in posi- refrigerant compressor is large to generate a high suc- 
tion in the valve seat cfiamber 57. tion pressure Ps, the high suction pressure Ps is intro- 
[0037] When the valve seat 76 is press-fitted in the duced into the suction pressure chamber 61 via the fluid 
valve seat chamber 57, a specified jig tool 60 shown in passage 63. Thus, the bellows element 66 contracts 
Fig. 2 is used. Namely, as shown in Fig. 2, tiie jig tool 60 45 due to the high suction pressure Ps. so that the valve 
is provided with a central recess 60a formed at an element 72 is pulled via the valve rod 71 to be pressed 
extreme end thereof to have an axial depth correspond- against the valve seat 76 and closes the valve port of 
ing to a predetermined amount of movement "L" of the the valve seat 76. Therefore, a fluid cormiunication 
bellows element 66. The jig tod 60 is inserted in the between the valve operating chamber 56 and tiie valve 
upper large diameter bore 42, so tiiat the extreme end so seat chiamber 57 is stopped to interrupt a fluid commu- 
thereof having the above-mentioned recess 60a is nication between the discharge chamber 3b and the 
pressed against the bottom of the upper large diameter crank chamber 2a. Since the crank chamber 2a con- 
bore 42 and that the central recess 60a is in alignm^t stantiy communicates with the suction chamber 3a via 
with the valve rod bore 41 . The jig tool 60 is fixed in the the fluid withdrawal passage, the crank pressure Pc in 
upper large diameter bore 42. due to the threaded ss the crank chamber 2a is lowered to a level equivalent to 
engagement between the jig tool 60 and the threaded the suction pressure Ps. As a result the rotary cam 
portion of tiie bore 42. Subsequentiy, the valve rod 71 plate 8 rotating together with the drive shaft 4 is turned 
having the valve element 72 at one end thereof is about the pivots 9a, 9a to take a maximum angle of indi- 
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nation with reject to a reference plane perpendicular 
to the axis of rotation of the drive shaft 4. Therefore, the 
amount of discharge off the compressed refrigerant is 
kept at a maximum. 

[0042] When the refrigerating load is reduced to gen- s 
erate a low suction pressure Ps, the low suction pres- 
sure Ps is introduced into the suction pressure chamber 
61 of the displacement control valve unit 70 to permit 
the bellows element 66 to be expanded. Thus, the valve 
rod 71 is pressed by the bellows element 66 so as to io 
move the valve element 72 in a direction away from the 
valve seat 76 against the spring force of the urging 
spring 59. Thus, the valve element 72 opens the valve 
port of the valve seat 76 to establish a fluid communica- 
tion between the discharge chamber 3b and the crank 75 
chamber 2a via the fluid passages 64 and 65 so that the 
compressed refrigerant at a high pressure Pd is sup- 
plied from the discharge chamber 3b to the crank cham- 
ber 2a. Therefore, the crank pressure Pc in the crank 
chamber 2a is increased. Accordingly, the rotating cam 20 
plate 8 together with the non-rotatable wottole prfate 1 1 
are turned about the pivots 9a. 9a toward its minimum 
angle of inclination while the suction pressure Ps is 
reduced- Consequently, the amount of the compressed 
refrigerant discharged from the compressor is reduced 25 
to the minimum. 

[0043] It should be noted that, in the described dis- 
placement control valve unit 70 according to the present 
invention, the flange portion 51 of the bellows element 
66 is fixedly sandwiched via the gasket 53 between the 30 
fixing screw 46 and the shoulder portion 52 in the suc- 
tion pressure chamber 61. Thus, the bellows receiving 
chamber 43 forming the suction chamber 61 is com- 
pletely sealed against the atmosphere. Further, the bel- 
lows element 66. fixed at its flange portion 51 to the 35 
shoulder portion 52. is permitted to expand and contract 
along a longitudinal direction by the guide of the guide 
bore 45, which constantly receives the cylindrical guide 
projection 44 of the bellows element 66. As the inner 
diameter of the bellows receiving chamber 43 is larger 40 
than the outermost diameter of the bellows element 66. 
the movement of the bellows element 66 can be always 
stable due to the guidance of the guide bore 45. The 
tubular spring holder portion 50 of the fixing screw 46 
also contributes to the stable movement of the bellows 4S 
element 66. The stable movement of the bellows ele- 
ment 66 is effective for preventing the bellows element 
66 from contacting with the wall of the bellows-receiving 
chamber 43. and accordingly, the bellows element 66 
can be prevented from being frictionally abraded. so 
[0044] In the displacement control valve unit 70 of the 
present embodiment, the valve seat chamber 57 of the 
discharge pressure chamber 62 is formed in the mount- 
ing area 40 (e.g., the rear housing 3) of the compressor 
made of aluminum alloy material. Nevertheless, the ss 
valve seat 76 is made of brass material, and is press-fit- 
ted in the valve seat chamber 57. Namely, the material 
of the valve seat 76 is selected to be hard enough to 



avoid physical deformation and abrasion due to contact- 
ing of the valve seat 76 with the valve element 72 which 
is also made of hard metallic material. 
[0045] Further, since the important elements of the 
displacement control valve unit 70. i.e. . the bellows ele- 
ment 66. the valve rod 71 , the valve element 72. and the 
valve seat 76 are all assembled in the mounting area 40 
of the compressor body by using the specific jig tool 60, 
these elements can be accurately assembled in the 
compressor Ixxly even if the mounting area 40. i.e.. the 
rear housing 3 or the cylinder btoc* 1 is rather roughly 
machined. Thus, the control operation of the displace- 
ment control valve unit 70 can be accurate. 
[0046] The displacement control valve unit 70 accord- 
ing to the present invention does not have a valve cas- 
ing, and a part of the compressor body is used as a 
casing of the valve unit 70, Further, no o-ring element is 
incorporated in the valve unit 70, and accordingly, pro- 
duction and assembly of the displacement control valve 
unit 70 can be easy and simple to reduce the manu^c- 
turing cost of the valve unit 70 per se and of the variable 
displacement type refrigerant compressor. 
[0047] Although tfie described embodiment of the dis- 
placemml control valve unit is assembled in a variable 
displacement type refrigerant compressor employing a 
combination of a swash plate-type cam plate and a wob- 
ble plate for a displacement varying mechanism, the 
valve unit may be equivalently used with many different 
variable displacement type refrigerant conpressois 
such as a varial^e capacity refrigerant compressor as 
disclosed in U. S. Patent No. 5.873.704 to Ota et al.. 
which has a single plate-like cam plate engaged with a 
plurality of single-headed pistons via shoes, a rotary 
type variable displacement refrigerant compressor 
including a vane type refrigerant compressor and a 
scroll type refrigerant compressor. 
[0048] It should be understood that many and various 
changes and modifications to the descrifc>ed embodi- 
ment of the present invention will occur to a person 
skilled in the art without departing from the scope and 
spirit of the present invention as claimed in the accom- 
panying claims. 

aaims 

1. A variable displacement refrigerant compressor 
comprising: 

a compressor housing forming an outer frame- 
work and provided internally with a compress- 
ing mechanism for conpressing a refrigerant; 
a displacement varying mechanism for acljusta- 
bly varying an amount of the refrigerant com- 
pressed and discharged by said compressing 
mechanism: 

a displacement control valve unit adjustatsly 
controlling the operation of said displacement 
varying mechanism due to detecting a change 
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in a pressure acting thereon; 
wherein said compressor housing is provided 
with a pressure sensing chamber for receiving 
a pressure to be detected and a valve chamber 
forming a fluid passage through which the 5 
refrigerant at a high pressure is permitted to 
flow to be used for changing a compressor dis- 
placement, said pressure sensing chamber 
and said valve chamber being bored in said 
compressor housing; and 
wherein said displacement control valve unit 
comprises: 

a pressure sensing mechanism arranged 
in said pressure sensing chamber and is 
having a movable element moving in 
response to detection of a change in a 
pressure prevailing in said pressure sens- 
ing chamber; and 

a valve element arranged in said valve 20 
chamber and operating to open and close 
a port in said fluid passage according to 
the movement of said movable element of 
said pressure sensing mechanism. 

25 

A variable displacement refrigerant compressor 
according to claim 1 . wherein said port in said fluid 
passage is provided in a valve seat arranged in said 
fluid passage to cooperate with said valve element. 

30 

A variable displacement refrigerant compressor 
according to claim 2. wherein said valve seat is 
formed as a tubular member separate from and fix- 
edly assembled in said compressor housing. 

35 

A variable displacement refrigerant compressor 
according to claim 3. wherein said tubular member 
of said valve seat is made of a metallic material 
harder than that of which said compressor housing 
is made. 40 

A variable displacement refrigerant compressor 
according to daim 3. wherein said port is a bore 
end of said tubular member of said valve seat, and 
wherein said valve element comprises a spherical 45 
element operable to open and dose said bore end 
of said tutxilar member. 

A variable displacement refrigerant compressor 
according to claim 1. wherein said refrigerant com- so 
pressor further comprising: 

a plurality of cylinder bores, a suction chamber, 
a discharge chamber, and a crank chamber 
which are formed in said'oompressor housing: 55 
a drive shaft rotatably supported by said com- 
pressor housing: 

a cam plate arranged in said crank chamber to 



be rotatabte together with said drive shaft and 
permitted to vary an angle of inclination thereof 
with respect to a ref^'ence plane; 
a plurality of pistons operatively engaged with 
said cam plate and reciprocating in said plural- 
ity of cylinder bores, and 
wherein said cam plate is arranged to change 
the angle of indination thereof, on the basis of 
a difference between a first pressure prevailing 
in said crank chamber and a second pressure 
prevailing in said plurality of cylinder bor^ to 
thereby constitute said displacement varying 
mechanism. 

7. A variable displacement refrigerant compressor 
according to claim 6. wherein said fluid passage is 
provided as a fluid supply passage fluidly communi- 
cating said discharge chamber with said crank 
chamber. 

8. A variable displacement refrigerant compressor 
according to claim 1 . 

wherein said compressor housing is provided with a 
first and a second side opposite to one another 
along a predetermined axis, 
wherein said pressure sensing chanter is formed by 
a first bore bored from said first side while said 
valve chamber is formed by a second bore bored 
from said second side of said compressor housing, 
and 

wha-ein a third bore is formed between said first 
and second kjores so as to permit a valve rod to be 
nrK3vably inserted therein so that said valve, rod 
transmits the nfK>vement of ssud pressure sensing 
mechanism to said valve element. 

9. A variak3le displacement refrigerant compressor 
according to daim 1. wherein said pressure sens- 
ing mechanism comprises a bellows element hav- 
ing a flange portion formed at one end thereof 
permitting to be fixedly sandwiched between a 
shoulder portion formed in said compressor hous- 
ing and arranged adjacent to said pressure sensing 
chamber, and a fixing means cooperating with said 
shoulder portion for fixing said flange portion of setid 
bellows element. 

10. A variable displacement refrigerant compressor 
according to claim 9, wherein the other end of said 
bellows element opposite to said end having said 
flange portion has a reduced diameter projection 
functioning as a guide portion, and said guide por- 
tion being fitted in a guide recess formed in said 
pressure sensing chamber, so that said t>ellows 
element stably expands and contracts by the guide 
of the guide portion of said bellows element in the 
guide recess. 
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11. A method of assembling a displacement control 
valve unit in a variable displacement type refriger- 
ant compressor including a compressor housing 
having internally a compressing mechanism for 
compressing a refrigerant, and a displacement var- 5 
ying mechanism for adjustably varying an amount 
of the refrigerant compressed and discharged by 
the compressing mechanism, 
wherein said method comprising the steps of: 

10 

boring, in said compressor housing, a pressure 
sensing chamt)er to receive a pressure to be 
detected, a valve chamber provided to form a 
fluid passage through which the refrigerant at a 
high pressure is permitted to flow to be used for is 
changing a compressor displacement, and a 
valve rod bore extending between said pres- 
sure sensing chamber and said valve chamber; 
inserting a valve unit in said valve chamber at a 
position operable to open and close a port in 20 
said fluid passage; 

inserting a pressure sensing mechanism in 
said pressure sensing chamber at a predeter- 
mined position where a movable element of 
said pressure sensing mechanism moving in 2s 
response to detection of a change in a pres- 
sure prevailing in said pressure sensing cham- 
ber is operatfvely connected to said valve unit; 
and 

positioning said pressure sensing mechanism so 
at said predetermined position in said pressure 
sensing chamber. 

12. The method according to claim 11, wherein said 
valve unit of said displacement control valve unit 35 
includes a valve element movable to open and 
close a valve port formed in said fluid passage, a 
valve seat having an opening thereof acting as said 
valve port in said fluid passage and cooperating 
with said valve element to open and dose said 40 
valve port, and a valve rod arranged in said valve 
rod bore to engage said pressure sensing mecha- 
nism with said valve element, and 
wherein ttie step of inserting said valve unit com- 
prises: 45 



inserting said valve rod through said opening of 
said valve seat into said valve rod bore from the 
other end of said valve rod bore until one end of 
said valve rod is positioned adjacent to an end 
face of said recess of said jig tool 
placing said valve element in said valve cham- 
ber to be kept in contact with said valve seat; 
arxJ 

pressing said valve seat and said valve rod, via 
said valve element, into said valve chamber 
until said valve rod comes into tight contact with 
said end face of said jig tool to thereby press-fit 
said valve seat at said fixed position In said 
valve chamber. 

13. The mettiod according to claim 12. wherein said jig 
tool is removed from said pressure sensing cham- 
ber after the pressing step of said valve seat and 
said valve rod, and subsequ^tly, said inse^ng and 
positioning steps <rf said pressure sensing mecha- 
nism are carried out. 



preparing a jig tool provided therein with a 
recess formed to have a deptfi con-esponding 
to a predetermined movement stroke of said 
movable element of said pressure sensing so 
mechanism; 

positioning said jig tool in said pressure sens- 
ing chamtjer so that said recess of said jig tool 
is in alignment with and in contact witii one end 
of said valve rod bore, 55 
inserting said valve seat into said valve cham- 
ber at a position adjacent to a fixed position 
where said valve seat is press-fitted; 
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